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PERFORMANCE AT MACH NUMBERS 3.07, 1.89, AND 0 OF INLETS 

DESIGNED FOR INJXT-ENGTNE MATCHING UP TO MACH 3 

By L. W.  Gertsma and M. A. Beheim 

SUMMARY 

The performance of a two-dimensional external-compression ,.ilet de- 
s igned  f o r  var ious  methods of in le t -engine  matching up t o  Mach 3 w a s  i n -  
v e s t i g a t e d  a t  b c h  1.89 and Mach 0. 
were a l s o  obta ined .  

Angle-of-attack d a t a  a t  Mach 3.07 

Supersonic  s p i l l a g e  by r o t a t i n g  the ramp as a u n i t  gave h igher  
c r i t i c a l  p r e s s u r e  r ecove r i e s  and smaller d i s t o r t i o n s  than  any o t h e r  match- 
ing  method i n v e s t i g a t e d  f o r  t he  two-shock and, a t  the lower mass flows, 
f o r  the ise&+Tc i n l e t s .  The t h r o a t  bypass had t h e  b e s t  performance of  
t h e  bypasses wi th  both  ramps and e spec ia l ly  wi th  t h e  i s e n t r o p i c  ramp a t  
mass-flow r a t i o s ’ n e a r  80 percent .  All conf igura t ions  were stable over a 
range of mass f low of 10 percent  o r  b e t t e r  a t  zero  angle  of a t t a c k .  

When the top  bypass was used as a n  a u x i l i a r y  i n l e t  a t  Mach 0 w i t h  
t h e  f low d i v i d e r  r o t a t e d  i n t o  t h e  free-stream, p res su re  recovery increased  
and d i s t o r t i o n  decreased. 
door open, t h e  inc rease  i n  recovery w a s  not as l a r g e  and d i s t o r t i o n  w a s  
increased .  

With the f low d iv ide r  ou t  and only t h e  t o p  

INTRODUCTION 

A s  des ign  Mach number increases ,  a i r c r a f t  having a i r - b r e a t h i n g  engines  
m u s t  have l a r g e r  a i r  i n l e t s  i n  order  t o  supply the necessary a i r  t o  t h e  
engines .  These i n l e t s  should be variable-geometry types  i n  o rde r  t o  g ive  
good performance a t  lower Mach numbers. Since,  i n  genera l ,  a va r i ab le -  
geometry i n l e t  designed f o r  high Mach numbers usua l ly  w i l l  c ap tu re  more 
air  than  t h e  engine can u s e  a t  lower Mach numbers, t he  excess  mus t  e i t h e r  
be s p i l l e d  ahead of t h e  i n l e t  o r  bypassed around t h e  engine.  These 
ope ra t ions  must be accomplished e f f i c i e n t l y  t o  keep t h e  drag a t  a minimum. 

An i n v e s t i g a t i o n  has been conducted a t  t h e  NACA Lewis l abora to ry  t o  
determine the performance of an  i n l e t ,  designed f o r  Mach 3, when opera ted  
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at Mach 1.89 wi th  d i f f e r e n t  bypass and s p i l l a g e  arrangements.  
w a s  made t o  match this i n l e t  t o  any p a r t i c u l a r  engine; t he re fo re ,  no match 
l i n e s  are shown on t h e  f i g u r e s .  
operate  the i n l e t  a t  c r i t i c a l  cond i t ions  over a very wide range of mass- 
flow r a t i o s .  This i n l e t  was a l s o  i n v e s t i g a t e d  a t  Mach 0 t o  determine the 
performance a t  takeoff bo th  wi th  and without  one of t h e  bypasses a r ranged  
as an a u x i l i a r y  i n l e t .  
a t  EikLch 3.07 i s  r epor t ed  i n  r e fe rence  1. 

No a t t e q p t  

The model des ign  made it  p o s s i b l e  t o  

The zero-angle-of-at tack performance of th is  i n l e t  

SYMBOLS 

C D , ~ , ~  cowl drag c o e f f i c i e n t  from measured p res su res  

m mass f low 

P t o t a l  pressure 

Subscr ip ts :  

0 condi t ions  i n  free stream i n  cap tu re  area of i n l e t  

1 i n l e t  t h r o a t  

3 compressor f a c e  

Superscr ip t  : 

* choked f low under idea l  cond i t ions  

APPARATUS AND PROCEDURE 

MODEL 

The i n v e s t i g a t i o n  was conducted on a two-dimensional model designed 
f o r  in le t -engine  matching up t o  Mach 3. Photographs and ske tches  of  t h e  
model appear i n  f i g u r e  1, where the nomenclature used i n  r e f e r r i n g  t o  the  
various p a r t s  of the d i f f u s e r  i s  ind ica t ed .  The model was mounted i n  t h e  
tunnel  w i t h  the compression su r face  on t h e  lower side of  the i n l e t .  
E i ther  a two-oblique-shock or i s e n t r o p i c  ramp could  be used. The two- 
shock s u r f a c e  was hinged between the ramps and could be p ivo ted  about t h e  
leading edge so  that  any angle  could be set  on e i t h e r  ramp. The c e n t e r  
s ec t ion  of t he  i s e n t r c p i c  ramp w a s  made of  s p r i n g  s tee l ;  and, by a d j u s t i n g  
the r e a r  r i g i d  s e c t i o n  and p i v o t i n g  t h e  ramp about the l ead ing  edge, a 
va r i e ty  of contours could be obta ined .  

by r o t a t i n g  the ramps, ( 2 )  top  bypass wi th  f low d i v i d e r  and c o n t r o l  
Matching methods i l l u s t r a t e d  i n  f i g u r e  1 are (1) supersonic  s p i l l a g e  
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door, (3) t o p  bypass without  flow d iv ider ,  (4 )  t h r o a t  bypass wi th  bottom 
c o n t r o l  door, and (5) bottom bypass and con t ro l  door w i t h  s h o r t  d i f f u s e r  
p l a t e .  Any of these matching methods could be used wi th  e i t h e r  compres- 
s i o n  su r face .  The ram scoop used f o r  the t h r o a t  bypass could  a l s o  be 
used f o r  boundary-layer b l eed  w i t h  t h e  other matching methods. 

I n t e r n a l  area v a r i a t i o n s  of t h e  d i f f u s e r  are shown i n  f i g u r e  2 f o r  
t y p i c a l  p o s i t i o n s  of bo th  ramps a t  Mach 1.89. 
not  used) had a f a i r l y  continuous area va r i a t ion  a t  these of f -des ign  
condi t ions ;  bu t ,  when t h e  f low d iv ide r  was removed f o r  a t o 3  b-ypass con- 
f i g u r a t i o n  o r  when the s h o r t  d i f f u s e r  p l a t e  w a s  used f o r  t h e  bottom by- 
pas s  arrangement, a n  overexpansion and a n  abrupt c o n t r a c t i o n  occurred.  

The b a s i c  d i f f u s e r  (bypass 

The var ious  contours  o f  the i sen t rop ic  ramp t h a t  were used are shown 
i n  f i g u r e  3. 
and w a s  r o t a t e d  as a u n i t  t o  severs1 angular p o s i t i o n s  i n  t h e  p r e s e n t  
test .  
which were obta ined  by f l e x i n g  the  ramp from an i n i t i a l  angle  of  e i t h e r  
0' o r  6 O ,  would have focused the compression waves a t  t h e  cowl l i p  a t  a 
free-stream Mach number of 1.89. 

The Mach 3.07 contour w a s  the des ign  contour  a t  Mach 3.07 

I n  the absence of t h e  e x t e r n a l  cowl shock, t h e  Mach 1.89 contours ,  

The cowl w a s  designed wi th  an i n i t i a l  e x t e r n a l  ang le  of 31°, b u t  
dur ing  cons t ruc t ion  t h e  lead ing  edge was bent t o  39' ( f i g .  3 ) .  
f e rence  d i d  not  change the l o c a t i o n  of the l ead ing  edge. 
a c t u a l  and t h e  t h e o r e t i c a l  e x t e r n a l  cowl angles  exceeded t h e  shock- 
detachment value of 21' f o r  k c h  1.89, t h i s  d i f f e r e n c e  was  not cons idered  
important t o  the d i f f u s e r  i n t e r n a l  performance. 

This d i f -  
Since b o t h  the 

DATA REDUCTION 

b s s - f l o w  r a t i o s  were c a l c u l a t e d  using t h e  method of a choked e x i t  
p lug  and the average t o t a l  pressure a t  the p l u g  (which w a s  ob ta ined  from 
a 40-tube r ake  i n  f r o n t  of t h e  p lug)  and a f low c o e f f i c i e n t  of 0.965. 
This  value of flow c o e f f i c i e n t  was obtained i n  an  earlier test a t  Mach 
3.07 where t h e  cap tu re  mass-flow r a t i o  was known t o  be  1.0. Tota l -pressure  
recovery and d i s t o r t i o n  were obta ined  from a n  18-tube r ake  arranged for 
area-weighted averages about a s imulated compressor hub. A s t a t i c - p r e s s u r e  
pickup was a t t a c h e d  a t  t h e  compressor s t a t i o n .  The t o t a l - p r e s s u r e  p r o f i l e s  
a t  t h e  t h r o a t  were measured j u s t  behind the cowl-lip plane. The refer- 
ence mass f low f o r  &ch 0 was computed assuming an i d e a l  i n l e t  and d i f -  
f u s e r  and choked f low at  t h e  compressor s t a t i o n .  

Traces  from t h e  s t a t i c - p r e s s u r e  pickup are shown i n  f i g u r e  4 f o r  d i f -  
f e r e n t  types of i n l e t  opera t ion .  F l u t t e r  is  used t o  d e f i n e  a l o c a l  o s c i l -  
l a t i o n  of the normal shock dur ing  s u b c r i t i c a l  opera t ion ,  and buzz refers 
t o  a v i o l e n t  o s c i l l a t i o n  of t h e  normal shock out  t o  t h e  f r o n t  of t h e  ramp. 
Actua l  p r e s s u r e  va lues  taken from t h e  traces are not  considered accurate 
because of i n e r t i a  i n  the recorder .  



TUNNEL 

The Mach 1.89 i n v e s t i g a t i o n  was conducted i n  the Lewis 18- by 18-inch 
tunnel.  The t o t a l  temperature was 150° F, and a dewpoint less than  0' F 
w a s  maintained. Tunnel c a l i b r a t i o n s  show t h a t  the t o t a l  p r e s s u r e  a t  t h e  
test s e c t i o n  i s  0.972 of that upstream of t h e  nozzle .  This  v a l u e  w a s  
used  i n  t h e  c a l c u l a t i o n s ,  b u t  some i n l e t  t h r o a t  t o t a l - p r e s s u r e  r e c o v e r i e s  
obtained l a t e  i n  the test were as much as 2 pe rcen t  greater than  un i ty .  
Therefore, the  c o r r e c t  v a l u e  of free-stream t o t a l  p r e s s u r e  i s  somewhat 
i n  doubt, and there is  a p o s s i b i l i t y  t h a t  r ecove r i e s  r e p o r t e d  he re  may be 
as much as 2 pe rcen t  t o o  h igh .  An e r r o r  of this s i z e  would cause less 
than  a 1-percent  i nc rease  i n  mass-flow r a t i o .  

The Mach 3.07 i n v e s t i g a t i o n  w a s  conducted i n  t h e  same f a s i l i t y  as 
used i n  r e fe rence  1. 

The Mach 0 i n v e s t i g a t i o n  was conducted i n  t h e  Lewis duct  t unne l .  The 
model was i n s t a l l e d  wi th  the i n l e t  open t o  the atmosphere and the e x i t  
connected t o  exhaus te rs  through a surge tank. 

RESULTS AND DISCUSSION 

I" PERFORMANCE AT MACH 1.89 

Shock Geometry 

The non-internal-contraction design s e l e c t e d  f o r  the i n l e t  employed a 
high e x t e r n a l  cowl- l ip  angle  that exceeded the shock-detachment angle  of  
21' a t  t h e  t e s t  Mach number of 1.89. 
show the l o c a t i o n  of  t h e  shocks f o r  t h e  two-shock and t h e  i s e n t r o p i c  ramps 
during c r i t i c a l  ope ra t ion  a t  Mach 1.89. I n  t h e s e  photographs t h e  t e rmina l  
angle o f  the two-shock ramp w a s  near  detachment and t h e  t e rmina l  angle  of  
t h e  i s e n t r o p i c  w a s  near  the t h e o r e t i c a l  angle  r e q u i r e d  t o  t u r n  t h e  f low 
t o  Mach 1. 

Sch l i e ren  photographs i n  f i g u r e  5 

Two-Shock Ramps 

E f f e c t  of ramp angles .  - The i n l e t  performance w i t h  var ious  two-shock 
ramp p o s i t i o n s  i s  shown i n  f i g u r e  6.  By r o t a t i n g  t h e  Mach 3.07 des ign  
s e t t i n g  of 15' and 30' as a u n i t  about t h e  first-ramp l e a d i n g  edge u n t i l  
the second shock would t h e o r e t i c a l l y  f a l l  on the l i p ,  neg lec t ing  the 

30 30 
presence of the detached cowl shock, ramp angles  of 5- and 2% are 4 
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obta ined .  When t h e  two-shock ramp was r o t a t e d  as a u n i t  t o  h igher  ang le s ,  
c r i t i c a l  p r e s s u r e  recovery increased  and d i s t o r t i o n  decreased.  The de- 
c r e a s e  i n  d i s t o r t i o n  w a s  p a r t l y  a r e s u l t  of the dec rease  i n  compressor- 
f a c e  Mach number as mass f low decreased.  For t h e s e  data, t h e  t h r o a t  r a m  
scoop was maintained a t  a cons tan t  1/8-inch h e i g h t  f o r  a l l  ramp p o s i t i o n s .  
This  he igh t  w a s  near optimum a t  the  design Mach number of 3.07 (ref. 1). 

3 O  E f f e c t  of bypass .  - All bypasses were i n v e s t i g a t e d  wi th  t h e  % and 

t h a t  bo th  t h e  c r i t i c a l  recovery and d i s t o r t i o n  decreased  s l i g h t l y  as t h e  
t h r o a t  scoop he igh t  was increwec?.  Subcritical rezs~ery increased vhen 
t h e  r a t i o  of scoop t o  t h r o a t  he ight  was 0.375 o r  l a r g e r .  For t h e  d a t a  
wi th  t h e  o the r  bypasses i n  f i g u r e  7,  t h e  ram-scoop he igh t  was maintained 
at  1/8 inch.  When t h e  t o p  bypass w a s  used ( f i g .  7 ( b ) ) ,  c r i t i c a l  r ecove ry  
and d i s t o r t i o n  decreased s l i g h t l y  wi th  increased  amounts of bypass b l eed .  
Without t h e  f low d i v i d e r  ( f ig .  7 (c ) ) , both  t h e  c r i t i c a l  r ecove ry  and d is -  
t o r t i o n  remained cons t an t  as b leed  increased. Bleed through the bottom 
bypass ( f ig .  7 ( d ) )  increased  d i s t o r t i o n  but had l i t t l e  e f f e c t  on recov-  
ery.  I n  t h i s  case  d i s c o n t i n u i t i e s  occurred dur ing  s u p e r c r i t i c a l  opera- 
t i o n  wi th  l a r g e  amounts of bypass b leed .  

C r i t i c a l  performance. - A summary of the c r i t i c a l  performance from t h e  
preceding curves,  shown i n  f i g u r e  8, i nd ica t e s  h igher  recovery and lower 
d i s t o r t i o n  wi th  e i t h e r  h igher  ramp ang les  or w i t h  boundary-layer b leed ,  
o r  both.  When t h e  ramps were r o t a t e d  independently t o  t h e  t h e o r e t i c a l l y  
optimum ang les  f o r  p r e s s u r e  recovery ( f i g .  8 ( a ) ) ,  c r i t i c a l  p r e s s u r e  re- 
covery w a s  h igher  at a given mass-flow r a t i o  t h a n  when the ramps were 
r o t a t e d  as a u n i t .  

A comparison of s p i l l a g e  methods ( f i g .  8 ( b ) )  shows t h a t  r o t a t i n g  
t h e  ramps as a u n i t  f o r  shock s p i l l a g e  gave t h e  h i g h e s t  c r i t i c a l  recovery 
and lowest  d i s t o r t i o n .  O f  the  bypasses, genera l ly ,  t h e  t h r o a t  bypass had 
t h e  h i g h e s t  recovery and t h e  lowest d i s t o r t i o n  a t  any given mass flow. 
The bottom bypass had t h e  poores t  performance p r i m a r i l y  because of t h e  
h igh  d i s t o r t i o n .  

I s e n t r o p i c  Ramp 

E f f e c t  of  ramp s e t t i n g .  - The i n l e t  performance wi th  a v a r i e t y  of 
i s e n t r o p i c  ramp contours  and a cons tan t  ram-scoop he igh t  of 3/16 inch, 
which w a s  near optimum at  Mach 3.07, i s  shown i n  f i g u r e  9 .  When t h e  Mach 
3.07 contour  w a s  r o t a t e d  about t h e  l ead ing  edge f o r  supersonic  s p i l l ,  the 
recovery inc reased  and t h e  d i s t o r t i o n  decreased a t  t h e  h igher  ramp ang les .  
All ramp s e t t i n g s  tended t o  have a wide s t a b l e  range.  The s u b c r i t i c a l  
recovery of t h e  h igher  ramp angles  w a s  very h igh .  The d i s t o r t i o n s  were 



more a func t ion  of mass f low than  of ramp s e t t i n g s  o r  contours .  A s  t h e  
ramp angles  increased ,  t he  s t r e n g t h  of t h e  detached cowl shock decreased, 
which could have some e f f e c t  on t h e  ope ra t ing  c h a r a c t e r i s t i c s  of t h e  
i n l e t .  

E f f e c t  of bypass.  - The performance of t h e  var ious  bypass systems 
with the Mach 3.07 ramp contour (0' and 22.40) i s  shown i n  f i g u r e  10. 
Small amounts of t h r o a t  b l eed  ( f i g .  l O ( a ) )  increased  t h e  c r i t i c a l  recovery,  
bu t  as the  b leed  w a s  increased  f u r t h e r  t h e  c r i t i c a l  recovery decreased.  
S u b c r i t i c a l  s t a b i l i t y  remained l a r g e  wi th  about t h e  same recovery f o r  a l l  
scoop h e i g h t s .  

For the o the r  bypass d a t a  i n  the  f i g u r e ,  t h e  ram-scoop he igh t  was 
maintained a t  3/16 inch.  C r i t i c a l  recovery decreased as much as 5 pe rcen t  
as bleed w a s  increased  through t h e  t o p  bypass wi th  t h e  f low d i v i d e r  ( f i g .  
10 (b ) ) ,  b u t  t he  s u b c r i t i c a l  recovery remained about t h e  same, wi th  a l a r g e  
s t a b l e  range. C r i t i c a l  d i s t o r t i o n  remained h igh  as b l eed  was increased .  

Bleed through t h e  top  bypass without  t h e  f low d i v i d e r  increased  sub- 
c r i t i c a l  recovery s l i g h t l y ,  b u t  c r i t i c a l  recovery s t ayed  about t h e  same 
( f i g .  l O ( c ) ) .  Increased b l eed  aggravated d i s t o r t i o n .  Removing the  
d iv ide r  d i d  not  produce any apprec iab le  improvement i n  d i s t o r t i o n ,  
whereas i t  d i d  a t  Mach 3 (ref .  1). 
f a c t  t h a t  t he  percentage area d i s c o n t i n u i t y  caused by removing t h e  d iv ide r  
was not as l a r g e  wi th  t h e  Mach 1.89 ramp p o s i t i o n  as w i t h  the  Mach 3.07 
p o s i t  i ons .  

This  can p a r t l y  be a t t r i b u t e d  t o  t h e  

Small  amounts of  b l eed  through the bottom bypass increased  c r i t i c a l  
recovery, bu t  recovery then  decreased f o r  l a r g e  amounts of b l eed  ( f i g .  
10(d)). S u b c r i t i c a l  recovery was about cons tan t ,  and t h e  s t a b l e  range 
w a s  a l i t t l e  l a r g e r  than  f o r  t h e  o the r  bypasses .  
high even a t  low mass f lows.  

D i s t o r t i o n  remained 

The bypass performance wi th  t h e  Mach 1.89 contour (0' and 22.4' ramp 
angles )  i s  presented  i n  f i g u r e  11. 
( a ) )  w a s  about t h e  same as f o r  t h e  Mach 3.07 contour.  Low b leed  rates 
increased c r i t i c a l  recovery s l i g h t l y ,  bu t  h igher  b l eed  rates decreased 
i t .  S u b c r i t i c a l  recovery peaked and then  decreased as mass flow w a s  re-  
duced, bu t  t he  s t a b l e  range remained q u i t e  l a r g e .  D i s t o r t i o n  aga in  w a s  
near ly  a func t ion  of mass flow, decreas ing  as t h e  mass f low decreased. 

The e f f e c t  of t h r o a t  b l eed  ( f i g .  11 

For t h e  remaining bypass da t a  i n  t h i s  f i g u r e ,  a cons tan t  ram-scoop 
height  of 3/16 inch was used. 
without t h e  flow d iv ide r ,  c r i t i c a l  p re s su re  recovery inc reased  s l i g h t l y  
with small amounts of bypass b l eed  ( f i g s .  l l ( b )  and ( e ) ) .  
d iv ider ,  t h e r e  was a small s t a b l e  range that peaked j u s t  be fo re  buzz. 
s t ab le  range w a s  about twice as l a r g e  without  t h e  d i v i d e r  as wi th  i t .  
Dis to r t ions  were nea r ly  cons tan t  f o r  a l l  bypass b l eeds  w i t h  t h e  d iv ide r  
bu t  var ied  wi th  t h e  mass f low without  t h e  d i v i d e r .  

When the t o p  bypass w a s  used both  wi th  and 

With t h e  flow 
The 
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There were e r r a t i c  s u p e r c r i t i c a l  mass-flow changes when t h e  bottom 
bypass wi th  t h e  s h o r t  d i f fusep  p l a t e  was used ( f i g .  l l ( d ) ) .  
t i o n s  probably were a r e s u l t  of t h e  p a r t i c u l a r  p o s i t i o n  of  t h e  normal 
shock wi th  r e s p e c t  t o  t h e  bypass.  
h igh  bypass bleed;  and t h e  d i s t o r t i o n ,  which w a s  h igh  w i t h  no b leed ,  became 
worse as t h e  b l eed  was increased .  

These v a r i a -  

All pressure  r e c o v e r i e s  decreased w i t h  

The Mach 1.89 contour (So and 21.2') was i n v e s t i g a t e d  only w i t h  t h e  
t h r n a t  bypass ( f i g .  1 2 ) .  The recovery increased and then  decreased as 
t h e  b l eed  r a t e  w a s  increased ,  whiie tile d i s t o r t i o i i  decreased stezfiil.;. 

C r i t i c a l  performnce.  - A summary of c r i t i c a l  ope ra t ion  with the 
var ious  i s e n t r o p i c  ramp contours  ( f ig .  13 (a ) )  shows that small amounts 
of b l eed  through the ram scoop increased  c r i t i c a l  recovery and lowered 
d i s t o r t i o n  for a l l  contours .  Rota t ing  t h e  Mach 3.07 contour ramp as a 
u n i t  t o  higher  angles  increased  recovery u n t i l  t h e  shock detached from 
t h e  r e a r  of t h e  ramp, and then  t h e  recovery decreased. The d i f f e r e n c e  
between t h e  Mach 3.07 contour and t h e  Mach 1.89 contour  a t  approximately 
t h e  same f i n a l  ramp angle  i s  probably a r e s u l t  o f  t h e  change i n  cowl shock 
s t r e n g t h  as t h e  contour of t h e  ramp and the a t t e n d a n t  compression zone 

I are changed. 

The c r i t i c a l  recovery increased  w i t h  t h r o a t  b l eed  ( f i g .  13(b)) t o  a 
m a x i m u m  f o r  each contour and then  dropped o f f  as t h e  b l eed  was  f u r t h e r  
increased .  For most of  t he  contours,  as th roa t  b l eed  w a s  increased,  the 
d i s t o r t i o n  decreased.  
compressor. 

This w a s  p a r t l y  due t o  the lower Mach number a t  t h e  

Comparison of t h e  d i f f e r e n t  matching methods a t  c r i t i c a l  ope ra t ion  
~ wi th  t h e  Mach 3.07 contour shows that t h e  h ighes t  recovery and t h e  lowest 

d i s t o r t i o n  were obta ined  a t  h igh  mass-flow r a t i o s  wi th  the t h r o a t  bypass 
and a t  low mass-flow r a t i o s  w i t h  s u p e r c r i t i c a l  s p i l l a g e  by t h e  ramp ( f i g .  
1 4 ( a ) ) .  The top  bypass without flow d iv ider  w a s  t h e  least e f f e c t i v e  wi th  
t h e  Mach 3 contour .  All methods wi th  the  Mach 1.89 contour were nea r ly  
t h e  same f o r  c r i t i c a l  recovery and d i s t o r t i o n  wi th  t h e  except ion  of the 
bottom bypass,  which had l a r g e  d i s t o r t i o n s  a t  low mass f lows ( f i g .  1 4 ( b ) ) .  

P r o f i l e s  

C r i t i c a l  pressure-recovery contours a t  t h e  compressor f a c e  are shown 
i n  f i g u r e  15 t o  compare t h e  e f f e c t  of t h e  d i f f e r e n t  bypasses on t h e  d i s -  
t o r t i o n .  A l l  t h e  contours  are symmetrical about a v e r t i c a l  l i n e  through 
t h e  hub w i t h  an area of h igh  p res su re  next t o  t h e  hub on each s i d e .  
bypasses on e i t h e r  t h e  top  or bottom of  t h e  d i f f u s e r  s h i f t e d  t h e s e  high- 
p re s su re  r eg ions  toward t h e  bypass. 

Using 



......................... . . . . . . .  . . . .  ........ . . . . . . . . . . . . . . . .  . ...... . .  . .  . .  . . .  ... NACA RM E58B13 

Pressure-recovery p r o f i l e s  a t  t h e  t h r o a t  dur ing  c r i t i c a l  ope ra t ion  
f o r  t h e  two-shock and i s e n t r o p i c  ramps were nea r ly  uniform f o r  t h e  h igh  
ramp angles  bu t  were poor f o r  some of t h e  lower ones ( f i g .  1 6 ) .  
low ramp angles ,  t h e  e f f e c t  of t h e  detached cowl shock would become more 
evident .  Some of t h e  recovery r a t i o s  wi th  the i s e n t r o p i c  ramp exceeded 
unity, i nd ica t ing ,  as noted ear l ie r  i n  t h e  APPARATUS AND PROCEDURE sec t ion ,  
t ha t  t h e  c a l i b r a t i o n  of t unne l  t o t a l  p re s su re  w a s  low f o r  t h i s  
i nves t iga t ion .  

With t h e  

Cowl Drag 

The measured cowl pressure-drag  c o e f f i c i e n t s  decreased w i t h  decreas ing  
mass flow ( f i g .  1 7 ) .  
0.03 a t  any given mass-flow r a t i o  f o r  t h e  var ious two-shock ramp p o s i t i o n s  
( f i g .  1 7 ( a ) ) ,  bu t  t h e  v a r i a t i o n  w a s  greater wi th  t h e  i s e n t r o p i c  ramp 
pos i t i ons  ( f i g .  1 7 ( b ) ) .  

The c o e f f i c i e n t s  d i d  not  vary by much more than  

INiXT PERFORMANCE AT ANGiX OF ATTACK 

Mach 3.07 

The model was a l s o  i n v e s t i g a t e d  through a range of  angle  of a t t a c k  
and yaw. 
had a c r i t i c a l  recovery varying from 53 t o  67 pe rcen t  f o r  angles  of a t t a c k  
of  i-8' t o  -8' and angles  of yaw up t o  7' ( f i g .  18).  
w a s  very small f o r  p o s i t i v e  angles  of a t t a c k  b u t  improved f o r  t h e  nega- 
t i v e  angles .  D i s t o r t i o n  was nea r ly  t h e  same f o r  a l l  angles ,  except  f o r  
t h e  7' yaw, where it  w a s  much worse. 

The two-shock ramp (15' and 30') a t  Mach 3.07 wi th  t h r o a t  b l eed  

The s t a b i l i t y  range 

The i s e n t r o p i c  Mach 3.07 contour (6' and 28.4') w i th  t h r o a t  b l eed  had 
c r i t i c a l  r ecove r i e s  t h a t  ranged from 49 t o  75  percent  f o r  angles  of a t t a c k  
of  +eo t o  -8' and yaw angles  up t o  7 O  ( f i g .  1 9 ) .  
35 percent  a t  -8' sng le  of a t t a c k  bu t  dropped t o  5 pe rcen t  a t  i-8'. 
angles o f  yaw t h e r e  was no s t a b l e  range. 

The s t a b i l i t y  range was 
A t  

Mach 1.89 

C r i t i c a l  p re s su re  recovery of t h e  two-shock ramp 

th roa t  b leed  a t  Mach 1.89 va r i ed  between 74  and 92 pe rcen t  f o r  angles  of  
a t t ack  from +Elo t o  -8' and yaw up t o  8' ( f i g .  2 0 ( a ) ) .  
w a s  f a i r l y  uniform a t  a l l  angles .  The t r ends  i n  d i s t o r t i o n  were about t h e  
same f o r  a l l  angles  except  a t  8' yaw, where there was a cons iderable  in -  
crease a t  s u b c r i t i c a l  opera t ion ,  which might be a r e s u l t  o f  s epa ra t ion  on 
t h e  s i d e  f a i r i n g .  

S t a b i l i t y  range 
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Some t y p i c a l  bypass s e t t i n g s  were inves t iga t ed  w i t h  t h e  two-shock 
ramp a t  angles  of  a t t a c k  and yaw. 
t o  t h r o a t  he igh t  of 0.250, t h e  c r i t i c a l  recovery a t  each angle  of  a t t a c k  
or yaw changed very l i t t l e  from that with no bypass, a l though t h e  s t a b l e  
range d i d  inc rease  ( f i g .  20(b) ) .  D i s to r t ions  were the same as without  a 
bypass, except  that there w a s  no increase  a t  s u b c r i t i c a l  ope ra t ion  a t  
angles  of yaw. 

With th roa t  bypass a t  a r a t i o  of scoop 

The t o p  bypass w i t h  f low d iv ide r  a t  a r a t i o  of d i v i d e r  t o  t h r o a t  
he igh t  of 0.250 and w i t h  ?boat b leed  had a p r e s s u r e  recevery  and s t a b l e  
range about  the same as without  a bypass, b u t  the spread  i n  mass f low w a s  
smaller f o r  the same model a t t i tudes ( f i g .  2 0 ( c ) ) .  D i s t o r t i o n s  were a l s o  

t h e  s z ~ e  2 s  ~+,,~th~-dt a bypass. 

The c r i t i c a l  recovery of t h e  i s en t rop ic  ramp w i t h  Mach 3.07 contour  
(0' and 22.4') w i th  t h r o a t  b l eed  ranged from 78 t o  94 pe rcen t  f o r  angles  
of  a t t a c k  from i-8' t o  -8' and yaw angles  up t o  7' a t  Mach 1.89 ( f i g .  21) .  
The s t a b i l i t y  range was 25 pe rcen t  a t  Oo, - 4 O ,  and -8' b u t  decreased t o  
5 pe rcen t  f o r  do and a l l  angles  of yaw. 
f o r  the zero a t t i t u d e  except  a t  +a0, when d i s t o r t i o n  was  h igher .  

All d i s t o r t i o n s  were near that 

INLET PERFORMANCE AT MACH 0 

Two-Shock Ramps 

It may be mechanically f e a s i b l e  t o  use the t o p  bypass as an  a u x i l i a r y  
i n l e t  t o  improve the Mach 0 performance. The f low d i v i d e r  could  be r o t a t e d  
i n t o  t h e  f ree  stream, o r  if  it were removed the t o p  c o n t r o l  door could be  
opened. The e f f e c t  on performance wi th  the two-shock ramp i s  shown i n  
f i g u r e  22. 
i s  shown w i t h  several ramp angles .  The pressure  recovery  decreased and 
d i s t o r t i o n  increased  as mass flow increased a t  a l l  ramp s e t t i n g s .  When 
us ing  the two-shock ramp, t h e  air  choked a t  t h e  compressor be fo re  i t  
d i d  a t  t h e  i n l e t  en t rance .  The ramp p o s i t i o n  Oo and O0 had t h e  h ighes t  
recovery and a l s o  nea r ly  t h e  h ighes t  d i s t o r t i o n .  

Tn f i g u r e  22(a),  t h e  performance wi thout  t h e  a u x i l i a r y  i n l e t  

The i n l e t  performance wi th  the flow d iv ide r  r o t a t e d  i n t o  the free 
stream as a n  a u x i l i a r y  i n l e t  i s  shown i n  f i g u r e  22(b) f o r  s e v e r a l  pos i -  
t i o n s  of the d iv ide r  and wi th  the  compression ramp set a t  Oo and Oo. 
Pressu re  recovery was increased  appreciably and d i s t o r t i o n  w a s  less than  
without  t h e  a u x i l i a r y  i n l e t .  Without the f low d i v i d e r  b u t  us ing  t h e  t o p  
c o n t r o l  door ( f i g .  22 (c ) ) ,  pressure recovery w a s  no t  as h igh  as wi th  the 
f low d i v i d e r  bu t  h igher  t han  without  an  a u x i l i a r y  i n l e t .  
t o r t i o n  w a s  even higher  t han  without  t h e  a u x i l i a r y  i n l e t .  The i n l e t  pe r -  
formance w i t h  the flow d iv ide r  r o t a t e d  in to  t h e  free stream for ramp angles  

of 0' and i':', and 0' and 15' i s  shown i n  f i g u r e s  22(d) and (e),  

r e s p e c t i v e l y .  

However, d i s -  
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I s e n t r o p i c  Ramp 

In  f i g u r e  23, t h e  i n l e t  performance wi th  t h e  Mach 3.07 contour  (0' 
and 22.4') i s  presented .  Without a n  a u x i l i a r y  i n l e t ,  t h e  a i r  could be  
choked at t h e  d i f f u s e r  en t rance .  The i n l e t  performance us ing  t h e  flow 
divider  as a n  a u x i l i a r y  i n l e t  appears  i n  f i g u r e  23(a)  and wi thout  t h e  
flow d iv ide r  i n  f i g u r e  23(b) .  
again w a s  a b e t t e r  a u x i l i a r y  i n l e t  t han  i t  w a s  without  t h e  flow d i v i d e r .  
Figures 24 and 25 show t h e  i n l e t  performance wi th  t h e  Mach 3.07 contour 
(-12.3' and 10.1O) and a f l a t  wedge contour ( 6 O  and 6O), r e s p e c t i v e l y ,  
wi th  the  flow d iv ide r  r o t a t e d  i n t o  t h e  f r e e  stream. 

The top  bypass wi th  t h e  flow d i v i d e r  

SUMMARY OF RESULTS 

The performance of a two-dimensional, external-compression i n l e t  
designed f o r  e f f i c i e n t  eng ine - in l e t  matching up t o  Mach 3 w a s  i n v e s t i g a t e d  
a t  Mach 1.89 and Mach 0. The i n l e t  could be opera ted  wi th  e i ther  a 
var iab le  two-oblique-shock o r  a v a r i a b l e  isentropic-compression su r face .  
For matching, a i r  could be bypassed through doors on oppos i te  s i d e s  of 
t h e  subsonic d i f f u s e r  or  through a r a m  scoop i n  t h e  t h r o a t ,  o r  the com- 
press ion  su r face  could be r o t a t e d  t o  g ive  supersonic  s p i l l a g e .  A t  Mach 0, 
t h e  bypass oppos i te  t h e  e x t e r n a l  compression s i d e  could be opened f o r  u s e  
as an  a u x i l i a r y  i n l e t .  The fo l lowing  resul ts  were obtained:  ~ 

1. O f  a l l  match methods wi th  t h e  two-shock ramp, supersonic  s p i l l a g e  
by r o t a t i n g  the  ramps as a 
c r i t i c a l  p re s su re  recovery 
range o f  mass f lows.  

2. With t h e  two-shock 

recovery a t  a l l  mass f lows 

u n i t  w i th  a 15' included ang le  gave the h ighes t  
and the  least d i s t o r t i o n  over  the complete 

ramp and bypasses,  t h e  h ighes t  

and the  lowest  d i s t o r t i o n  a t  t h e  lower mass 
flows were obta ined  us ing  a t h r o a t  bypass,  b u t  s t a b i l i t y  for a l l  conf ig-  
ura t ions  w a s  about the same. Both t h e  top  bypass and t h e  bottom bypass 
had about the same c r i t i c a l  recovery.  The bottom bypass had the h ighes t  
d i s t o r t  ion .  

3. With the  i s e n t r o p i c  ramp, t h e  Mach 3.07 contour r o t a t e d  as a u n i t  
t o  match by supersonic  s p i l l a g e  and t h e  m c h  3.07 contour (0' and 22.4O) 
wi th  t h r o a t  bypass were t h e  b e t t e r  matching methods a t  low and h igh  mass 
flows, r e s p e c t i v e l y .  B e s t  c r i t i c a l  recovery w a s  about 94.5 pe rcen t .  

4. The p res su re  r ecove r i e s  w i th  t h e  k c h  1.89 contours  and t h e  d i f -  
f e r en t  bypasses were a l l  below 90 pe rcen t ,  w i th  d i s t o r t i o n s  about t h e  
same or s l i g h t l y  lower than  those  f o r  t h e  Mach 3.07 contour .  



5. Performance a t  angles  of  a t t a c k  between -8' and i-8' wi th  t h e  com- 
p r e s s i o n  s u r f a c e  on t h e  lower side showed good s t a b i l i t y  and recovery  a t  
negat ive  ang le s  of  a t t a c k ,  bo th  s t a b i l i t y  and recovery  decreas ing  a t  
p o s i t i v e  ang le s .  

6. When the t o p  bypass w a s  used as an a u x i l i a r y  i n l e t  a t  W c h  0 wi th  
t h e  f low d iv ide r  r o t a t e d  out  i n t o  the  f r e e  stream, t h e  p re s su re  recovery 
increased  apprec iab ly .  Without the flow d iv ide r ,  the inc rease  i n  re- 
covery was not  as l a r g e .  

7 .  The d i s t o r t i o n s  genera l ly  decreased when t h e  f low d i v i d e r  was 
used as t h e  a u x i l i a r y  i n l e t ;  b u t  opening the  t o p  door without  the f low 
d i v i d e r  r e s u i t e d  i n  d i s t o r t i o n s  h igher  than those  without  a n  a u x i l i a r y  
i n l e t .  

Lewis F l i g h t  Propuls ion  Laboratory 
Na t iona l  Advisory Committee f o r  Aeronautics 

Cleveland, Ohio, February 20, 1958 
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(a) Throat bypass arrangement. 

'-43061 

(b) Top bypass arrangement with flow divider and throat bleed. 

rTop bypass control  door -iBypass opening 

Divider height  
S p l i t t e r  p l a t e  

or boundary- 
Long d i f f u s e r  p l a t e  l a y e r  bleed 

on t ro l  door 

(c) Schematic view showing operation of throat and top bypass arrangement with iSentrOplc ramp. 

Figure 1. - Geometry of bypass arrangements. 
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C-43064 

I ( d )  Top bypass  a r r angemen t  w i t h o u t  f l o w  d i v i d e r  and w i t h  t h r o a t  b l e e d .  

C-43062 
- 

( e )  Bottom bypass  a r rangement  with t h r o a t  b l e e d .  

S i d e  f a i r i n g  
S p l i t t e r  p l a t e  

c o n t r o l  door  

(f) Schemat ic  view showing o p e r a t l o n  of bottom bypass  w i t h  two-shock ramp. 

F i g u r e  1. - Concluded. Geometry of bypass  a r r angemen t s .  
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Figure  4. - D e f i n i t i o n  of i n l e t  s t a b i l i t y  symbols 
f o r  Mach 1.89. 



3O 3O ( a )  Two-shock ramp, 5- and 20- . 
4 4 

(b) Isentropic  ramp, Oo and 22.3’. 

NACA RM E58B13 

Figure 5. - Schl ie ren  photographs of model; c r i t i c a l  operation 
a t  Mach 1.89. 



. . . . . . .  ......................... ..... . . .  0 .  0 .  ..... .......... . . . .  . . .  . .  : :19 ....... .......... NACA RM E58B13 . . . .  

.n 

%" .. 
C 
0 

.I 

0 

0 

A 

A 

0 

. 4  .5 .6 .7 .8 .9 1.0 
Mass-flow ratio, rnS/mg 

Figure 6. - Performance of two-shock ramp using different  ramp angles with 
constant scoop height at Mach 1.89. 



......................... . 0 .  . 0 .  . 
0 .  0 .  0 .  . . e  . ........ . . . . . . . . . . . . . . . .  . ...... 

0 .  0 . .  . 0 .  . 
z 0 . e :  a*.. 0..  . 0.. 0. .  . . 0 .  

NACA RM E58B13 

a 
0 
0 
m 

D . o .  
d m  
u r n  
m .  



. . . . . . .  ............... ........ 0 .  . . .  ..... 0 .  . 0.. . 0 .  . . . . .  NACA RM E58B13 . . . .  ....... 

1 m m r- 
I 

0 

.......... 
0 .  0 .  ...... * .  ....... :..21 
0 * 
a 
0 
0 
rn 



......................... . . . . . . .  
0 .  0 .  0 .  . 0 .  . ........ . . . . . . . . . . . . .  . . . .  

0 .  0 . .  . . . .  NACA RM E58B13 ....... ........ 22.: . 0 .  

( a )  Di f fe ren t  ramp s e t t i n g s  with and without t h r o a t  bleed.  

1 . 0  

0 Rotate ramp as Unit 
0 Thmat  bypass 
A 
Ll Top bypass without flow 

Top bypass with flow divider  

.9 

.8 

.5 .6 .7 .8 .9 1.0 
Mass-flow r a t i o ,  m3/mg 

30 3O 
(b )  All match methods. Ramps s e t  a t  % and 2% except when r o t a t e d  as unit .  Rat io  Of 

scoop t o  t h r o a t  height ,  0.062 except with throat bypass. 

Figure 8. - Summary of  c r i t i c a l  performances of two-shock ramp a t  Mach 1.89. 
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Figure 22. - Effect  on performance of top bypass as auxi l ia ry  
in le t  w i t h  two-shock ramp a t  Mach 0. 
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